Multicenter phase 2 trial of thalidomide in relapsed/refractory multiple myeloma: adverse prognostic impact of advanced age.
TO THE EDITOR
Raji is the first continuous human cell line of hematopoietic origin 1 and was derived 40 years ago from a Nigerian patient with Burkitt's lymphoma (BL). 2 Cell lines of BL origin were soon thereafter found to harbor the Epstein-Barr virus (EBV), leading to the discovery and isolation of this virus. 3 Subsequent studies revealed specific chromosome translocations, involving the heavy-or light-chain immunoglobulin gene loci on chromosome 14 or 2, and the c-myc oncogene locus on chromosome 8, in biopsies and cell lines of BL origin (for a review, see Klein 4 ). BL-derived cell lines provide a convenient and renewable source of material for genetic analysis, and they have been used in a broad variety of investigations, as reported in Leukemia 5 and elsewhere; however, classical G-banding techniques have failed to produce a complete picture of chromosomal abnormalities in these cells. In view of the wide interest in these cell lines (more than 2500 publications in the MedLine database on Raji alone since Pulvertaft's seminal report 2 ), we set out to resolve the definitive cytogenetic profile of the Raji cell line.
We thus performed molecular cytogenetic characterization of Raji cells using a combination of spectral karyotyping (SKY), array comparative genomic hybridization (CGH), and fluorescence in situ hybridization (FISH) techniques. Cells were obtained from the tissue culture collection of the Microbiology and Tumor Biology Center (MTC) at Karolinska Institutet. SKY results are based on 45 metaphases, prepared according to standard cytogenetic procedures. We identified two main populations with a similar pattern of anomalies: a hyperdiploid (2n þ ) stemline and a hypertetraploid (4n þ ) mainline. These populations shared five structural aberrations, including the t(8;14) translocation (Figure 1a depicts representative spectral images), and one numerical chromosomal aberration (Table 1) . In addition, a derivative chromosome, containing material from chromosomes 16 and 17, was specific to the 4n þ population, and was seen in 28 out of 31 cells. In the remaining three metaphases (the sideline), a marker containing only material from chromosome 16 was observed (Table 1) . Interphase FISH using a probe against the centromere of chromosome 8 confirmed the ploidy structure of the Raji cell line (data not shown).
To map more precisely the breakpoints of translocations revealed by SKY and screen for additional gains and losses, we performed CGH using microarrays containing 2600 genomic human bacterial artificial chromosome (BAC) clones with a resolution of approximately 1 Mb. Hybridization and data analysis were performed as described previously. 6 Several copy number changes that were in concordance with the SKY results were identified (data not shown). In addition, we observed a more complex behavior of chromosome 8, resulting in the gain of region 8q11.21-8q22 and the loss of region 8pter-8p11.1. To solve the complex aberrations involving chromosome 8, we performed three-color FISH. Using a combination of probes, we were able to identify two translocations on der(8): a metacentric derivative with duplication of region 8q11.21-8q22, and deletion of region 8pter-8p11.1 involved in translocations with chromosomes 12 and 14 (Figure 1b) .
The combined results of SKY, CGH, and FISH analyses of Raji cells are shown in Table 1 . The origins and breakpoints of all complex rearrangements previously unidentified in G-banding studies have thus been resolved. Interestingly, the gain of chromosome 7 or parts thereof and translocations involving 4q were also frequently mapped in other cell lines established from BL (Karpova et al, manuscript in preparation). Moreover, a comparison of the spectral karyotype of Raji with previously published karyotypes based on G-banding techniques revealed that a limited number of major aberrations were acquired since the original deposition of this cell line ( Table 1 ). The Raji genome thus appears to have remained relatively stable despite decades of continuous cultivation. Macville et al 7 arrived at a similar conclusion following the examination of the cervical carcinoma-derived cell line, HeLa. Described as der (6) der (21) Denotation in bold indicates ploidy of the stemline, mainline, and sideline, respectively.
Correspondence
Hence, one may speculate that the genetic alterations detected in these cell lines may have been present in the primary tumors from which they arose, and could reflect events that are relevant to the pathogenesis of BL and cervical carcinoma, respectively. Today, continuous suspension cultures are a common research tool; so common, in fact, that we seldom reflect on their origin or genetic constitution. Using the molecular cytogenetic techniques SKY, array CGH, and FISH, we have provided a complete and definitive karyotype of the original BL-derived cell line, Raji. Our results reveal a number of novel genomic aberrations, concurrent with the hallmark t(8;14) translocation. The use of continuous human cell lines has played a major role in the advancement of our understanding of hematopoietic and other malignancies. An appreciation of the genetic anomalies of a cancer cell line may aid in the correct interpretation of data generated in such a model. The current results may thus serve as a valuable reference for future studies on BL.
Rapid reconstitution of dendritic cells after allogeneic transplantation of CD133 þ cells in the peripheral blood have been shown to comprise early stem cells with substantial NOD/SCID mouse repopulating capacity and potential plasticity. 2 Large-scale immunomagnetic selection using a monoclonal anti-CD133 antibody allows to enrich sufficient numbers of hematopoietic progenitor cells to perform hematopoietic stem cell transplantation (HSCT). We performed a feasibility trial in 10 adult patients with leukemia to test whether sustained engraftment can be achieved with allogeneic CD133 þ purified stem cells. Secondary end point was the kinetics of donor chimerism in myeloid and lymphoid cells as well as in blood dendritic cells (DCs).
